A new general purpose computer code call EBQ1), has been written to simulate the beam dynamics of the ETA2), find its beam emittance and evaluate effects of changes in the electrode positions and external magnetic fields. The original calculations of the ETA were made with EGUN3) and yielded considerable insight into the operation of the device in the nonrelativistic regime. The EBQ code was written specifically to attend to the special problems associated with high current relativistic beam propagation in axially symmetric machines possessing external 2-dimensional electric and magnetic fields. The coherent electric and magnetic self-fields of the beam must be calculated accurately. Special care has been used in the relativistic regime where a high degree of cancellation occurs between the self-magnetic and self electric forces of the beam. Additionally, EBQ can handle equally well non-relativistic problems involving multiple ion species where the space charge from each must be included in its mutual effect on the others. Such problems arise in the design of ion sources where different charge and mass states are present.
has been written to simulate the beam dynamics of the ETA2), find its beam emittance and evaluate effects of changes in the electrode positions and external magnetic fields. The original calculations of the ETA were made with EGUN3) and yielded considerable insight into the operation of the device in the nonrelativistic regime. The EBQ code was written specifically to attend to the special problems associated with high current relativistic beam propagation in axially symmetric machines possessing external 2-dimensional electric and magnetic fields. The coherent electric and magnetic self-fields of the beam must be calculated accurately. Special Charge may be deposited on the mesh by either a standard procedure or the Neil-Cooper procedure. The standard procedure deposits the charge of a given ray on the two closest mesh points by linear interpolation. This results in the usual charge error near the axis of cylindrical symmetry. The Neil-Cooper procedure is rigorously correct in its mapping of the charge onto the lattice, even on the axis of symmetry. In this procedure, the original radial current density distribution J (r0) is mapped onto the lattice according to the radial distribution of the rays so as to rigorously conserve charge. This requires simultaneous integration of all orbits so that a mapping function can be generated mapping the local r distribution back to the point of origin. The charge Q between two rays to be deposited is J(r)/v, where v is the average velocity between consecutive rays. Rays may cross, resulting in a multi-valued contribution to the charge deposition. The charge deposited on any mesh point is the integral of the charge along the mapping function. The rays can be generated by application of Childs law and Busch's theorem, or generated randomly or uniformly on a four dimensional surface, or explicitly specified from data input. The The simulation of the ETA was most economically accomplished by dividing the problem into three smaller problems, figures 1,2, and 3. 1) simulation of the cathode-grid region to find the self consistant electron starting conditions, 2) transport of the beam from the grid down well inside of the anode bore, and 3) an expanded region around the finite mesh grid to find the contribution of the grid wires to the beam emittance.
The figures show the electrodes, equipotential lines, electron trajectories, external solenoids coil cross-sections and the magnetic field on axis. Figure 1 shows the Pierce corrected region between the cathode and grid. To find the beam emittance, including the filimentation produced by finite grid wires, a subproblem, figure 3, is constructed extending . I 1111HIIIHII
